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[57] ABSTRACT 
An averaging pitot tube for measuring ?uid ?ow in a 
pipe or conduit, is disclosed, including an integral head 
connected by a transition to a sensing tube or probe. 
The probe is insertable through the conduit or pipe in 
which fluid flow occurs to measure an upstream high 
pressure and a downstream low pressure. Upstream 
holes are formed in the probe to communicate high 
pressure into a high pressure chamber in the probe. 
Downstream holes are also formed in the probe to com 
municate a low pressure into a low pressure chamber in 
the probe. Valves placed in the integral head selectively 
open and close the high and low pressure passageways 
that communicate with the high and low pressure 
chambers. A measurement device is selectively con 
nectable to the integral head and is in ?uid communica 
tion with said high and low pressure passageways to 
make measurements of flow dependent upon the differ 
ence between the high and low pressure. Tube ?ttings 
‘placed in the head are disclosed for reducing leaks in the 
system. 

14 Claims, 7 Drawing Sheets 
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AVERAGING PITOT TUBE 

BACKGROUND‘ OF THE INVENTION 
1. Field of the Invention 
The present invention relates generally to averaging 

pitot tubes used as ?ow meters and, more particularly, 
to pitot tubes of the type wherein the correction factor 
or ?ow coef?cient, de?ned as the actual ?ow rate di 
vided by the theoretical flow rate, is maintained as close 
to constant as possible regardless of the Reynolds num 
ber produced by the fluid ?ow. 

2. Description of the Prior Art 
Measuring ?uid flow in a pipe with pitot tubes or 

differential pressure type devices, wherein an upstream 
high pressure and a downstream low pressure are mea 
sured to obtain a differential pressure signal, have been 
known for many years. A simple plate with an ori?ce 
formed therein creates such a differential pressure, 
though at the cost of creating a large, permanent pres 
sure loss and thus requiring more energy to pump the 
fluid at a given ?ow rate. The typical averaging pitot 
tube blocks much less of the pipe, thus producing much 
less of a permanent pressure loss to read the same ?ow 
rate. The averaging pitot tube also uses several holes or 
ports across the cross-section of the pipe to obtain the 
average value of the ?uid velocity pro?le, from which 

10 

25 

the ?uid ?ow rate can be computed. This is necessary in ‘ 
order to take into account a varying velocity pro?le due 
to greater frictional losses near the pipe wall. 

Commercially available pitot tubes have typically 
been of cylindrical or diamond-shaped cross-sections. 
The shape of the sensing tube or probe portion of a pitot 
tube is important in order to minimize the effect of lift 
and drag forces inherent in ?uid ?ow. Probe shape is a 
function of essentially two factors. On the one hand, it 
is desired to control the point at which boundary layer 
?ow around the probe separates. Maintaining a constant 
or at least controllable separation point allows the cor 
rection factor, or ?ow coef?cient, to remain constant so 
that there are less variables introduced into a ?ow cal 
culation. It is an aspect of U.S. Pat. No. 4,154,100 issued 
to James B. Harbaugh, et al., to localize the point at 
which boundary layer separation occurs by creating a 
separation point at a sharply contoured edge at which 
?ow separates from the probe, creating a predictable 
wake area in which the low pressure reading is taken. 
On the other hand, it is desirable to reduce the forces 

on the probe due to lift, drag and vortex shedding. 
These vortices, caused by ?uid ?ow from the separated 
boundary layer into the lower pressure wake area, tend 
to lock onto the resonant frequency of the probe, pro 
ducing a situation of self-excitation which creates exces 
sive vibration that, in extreme cases, can cause cracking 
and even breakage of the probe. Vortex shedding prob 
lems are typically associated with diamond-shaped 
cross sections, since the diamond produces much larger 
vortices. 

In any event, it is a goal of many averaging pitot tubes 
to establish a ?ow coef?cient which is constant over a 

' large range of conditions in the ?ow. Such variable 
factors in the ?ow include ?uid velocity, density and 
viscosity, as well as pipe diameter. All these factors are 
included in the Reynolds number, a dimensionless vari 
able which relates inertial and viscous forces in ?uid 
?ow. 

U.S. Pat. No. 4,154,100 to James B. Harbaugh, previ 
ously mentioned, utilizes the diamond-shaped cross-sec 
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tion to establish a ?xed separation point for the bound 
ary layer to stabilize the low pressure side and produce 
a predictable differential pressure signal. U.S. Pat. No. 
4,425,807 to Michael Victor shows a cylindrical cross 
section for the bluff body, as a non-aerodynamic probe 
is sometimes known, with a series of low pressure holes 
located approximately 110° from the direction of ?ow. 
Again, Victor’s intent is to stabilize the low pressure 
signal from the probe. 
German Patent No. 1,168,659 issued to A. Closter 

halfen shows a truncated elliptical cross-section includ 
ing a rounded nose and parallel sides. The principal 
inventive feature of the Closterhalfen patent is that the 
single upstream high pressure opening is on a different 
?ow line from that of the single low pressure down 
stream opening. This is advantageous in measuring the 
pressure differential and from there the ?uid ?ow only 
in close proximity to a pump discharge, where'the ?uid 
velocity pro?le is more predictable. 

U.S. Pat. No. 3,355,946 issued to Robert C. Lazell 
shows comically-shaped interior openings in the front 
and rear of an averaging pitot device. 

U.S. Pat. No. 1,508,017 issued to Frederick W. Greve 
shows an averaging pitot tube of circular cross-section. 
An aerodynamic shape is used in U.S. Pat. No. 
1,428,780, issued to Paul Jaray, to measure velocity of 
flow. Forward and lateral openings give a differential 
pressure used to establish velocity. U.S. Pat. No. 
4,304,137 issued to Richard C. Mott automatically 
aligns in a ?uid ?ow to measure static pressure. 

Total pressure is also measured. Another airfoil 
shaped device for measuring ?ow is seen in U.S. Pat. 
No. 2,522,574 issued to William H. Hagenbuch. 
The prior art devices have focused on the shape of 

the probe or location of sensing ports to control the 
?ow coef?cient. No other means of controlling the 
boundary layer has been utilized. The thickness of the 
boundary ?ow layer will dictate the size of the wake 
and magnitude of the vortex shedding forces. The 
thicker the boundary layer, the greater the vortex shed 
ding forces. None of the prior art has utilized surface 
roughness to help reduce the laminar boundary layer 
and thus the resulting vortex shedding forces. 
The prior art for averaging pitot tube instrument 

head designs that port the high and low pressure signals 
(generated by the sensing tube to block valves or valve 
manifolds external to the pipe) includes various con?gu 
rations of internal and external threaded connections. 
U.S. Pat. No. 4,343,195, issued to James R. Bowers and 
Michael Victor, shows an instrument head with ?anged 
connections for mounting a manifold to the pitot tube 
without using threaded connections. Incorporating the 
block valves or manifold directly into the instrument 
head has not, heretofore, been shown. 
- The prior art for mounting the pitot tube in the pipe 
includes commercially-available ?anges and compres 
sion ?ttings. It is desirable to bottom the probe on the 
opposite end of the pipe since this condition increases 
the structural integrity of the probe by ?xing the probe 
at both ends. Not doing so allows all the force induced 
on the cantilevered probe to act on a single mounting 
point, which can lead to excess probe vibrations and 
breakage in extreme cases. While vibration and break 
age can occur in the bottomed con?guration of the 
probe, much more extreme ?ow conditions are required 
than in the cantilevered case. - 
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US. Pat. No. 1,250,236, issued to Jacob M. Spitz 
glass, shows a compression-type ?tting where a packing 
gland simultaneously bottoms the probe to the opposite 
end of the pipe and tightens the packing material to 
produce a ?uid-tight connection. Similarly, US. Pat. 
No. 4,717,159, issued to Norman Alston, et al., shows a 
compression-type ?tting where a packing gland simul 
taneously bottoms the probe to the opposite pipe wall. 
All prior designs, however, will require periodic read 
justment because ?uctuations in ?uid pressure and tem 
perature will cause the diameter of the pipe to expand 
and contract. While expansion and contraction of the 
pipe is minute, it is, nonetheless, sufficient to cause the 
probe to lose contact with the opposite end of the pipe 
in many circumstances. Incorporation of an elastic 
mechanism, such as a spring, which ‘would compensate 
for such variation in pipe diameter, would ensure the 
probe would remain bottomed on the opposite wall of 
the pipe and would not require periodic adjustment of 
the packing gland. 

OBJECTS AND SUMMARY OF THE 
INVENTION 

It is the principal object of the present invention to 
provide an averaging pitot tube for measuring ?uid 
?ow in a pipe from differential pressure, in which the 
pitot tube maintains a relatively constant flow coeffici 
ent through a wide range of Reynolds numbers. 

It is a related object of the present invention to pro 
vide an averaging pitot tube that mounts in the pipe by 
bottoming the end of the probe to the opposite end of 
the pipe, providing a ?uid-tight connection at the pack 
ing gland and requiring no periodic adjustment due to 
variation of pipe diameter because of thermally 
induced, pressure-induced, or mechanically-induced 
expansion and contraction of the pipes. 

It is a related object of the present invention to pro 
vide an averaging pitot tube that is easily connected to 
transmitters, local indicators or other instrumentation. 

In accordance with the objects of the invention, an 
averaging pitot tube for measuring ?uid ?ow in a pipe 
includes an integral valve head connected to a bullet 
shaped sensing tube or probe. A cylindrical sleeve en 
cases the bullet-shaped sensing tube and is attached to 
the valve head. This sleeve extends from its attachment 
at the instrument head to a point slightly above the pipe 
wall, thus providing a round sealing surface. 
The sensing tube has two separate chambers, a high 

pressure chamber facing upstream, toward the direction 
of the ?ow, and a low pressure chamber, facing down 
stream from the direction of the ?ow. Sensing ports are 
located in both the high and low pressure chambers. As 
the ?uid impacts the probe, an average impact pressure 
is produced in the high pressure chamber. As the ?uid 
passes around the sensing tube, an average suction, or 
low pressure, is produced in the low pressure chamber. 
The sensing tube extends across the ?uid ?ow in the 

pipe or conduit and is closed at the bottom end thereof. 
The high pressure chamber extends the length of the 
sensing tube to the valve head, where the high pressure 
?uid enters a passageway through the head. The pas 
sageway at the high pressure port of the valve head is 
terminated by a ?anged connection, a threaded connec 
tion or a tube fitting. Likewise, the low pressure cham 
ber extends to the instrument head and terminates with 
a like connection. 

Integral high and low pressure valves, with valve 
seats machined in the valve head, are associated with 
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the respective passageways to allow communication of 
the high and low pressure ?uid from the chambers in 
the sensing tube to respective high and low pressure 
outlet ports of the valve head. A third valve, which 
opens and closes a mixing bore between the high and 
low pressure passages in the valve head. This third 
valve interconnects or isolates the high and low pres 
sure passageway. In an alternative embodiment, two 
valves, one for each of the high and low pressure ports, 
are formed in the valve head. A tube ?tting connects 
the head to process pressure tubing and then to the 
pressure measurement device. A leading edge of the 
surface of the high pressure tube has a roughness ap 
plied thereto by mechanical working, lamination or 
similar process. This roughness helps reduce laminar or 
boundary layer ?uid ?ow around the sensing tube re 
gardless of the shape of the sensing tube. The less the 
thickness of this laminar boundary layer, the smaller the 
vortices which are produced by the sensing tube, and, 
therefore, the less vibration and the more consistent the 
low pressure signal. 
The sensing tube is of essentially a bullebshaped 

cross-section including a divergence angle with respect 
to the direction of ?uid ?ow. The divergence angle is 
approximately 5°. Lateral sides of the outer tube di 
verge slightly away from parallel according to the di 
vergence angle. Along the lateral sides ?ow separation 
occurs. As long as separation occurs along the lateral 
sides, a relatively constant ?ow coefficient is main 
tained, more accurate readings of low pressure cna be 
obtained, thereby providing more accurate readings of 
differential pressure. Differential pressure is the differ 
ence between the high pressure and the low pressure. In 
addition, ?ow separation anywhere from the probe 
reduces the lift force associated with aerodynamic 
cross-sections. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view of an averaging pitot 
tube of the present invention mounted in a pipe, with a 
measurement device mounted to an instrument head of 
the pitot tube. 
FIG. 2 is an enlarged sectional view taken in the 

plane of line 2-2 of FIG. 1. 
FIG. 3 is a fragmentary enlarged prospective view of 

a sensing tube or probe of the invention seen in FIG. 1. 
FIG. 4 is an enlarged sectional view taken in the 

' plane of line 74—4 of FIG. 2, ?uid ?ow around the 
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sensing tube being indicated by arrows. 
FIG. 5 is an enlarged sectional view taken in the 

plane of line 5—5 of FIG. 1. 
FIG. 6 is a sectional view taken in the plane of line 

6-6 of FIG. 5. 
FIG. 7 is a sectional view taken in the plane of line 

7—7 of FIG. 5. 
FIG. 8 is a sectional view of ?uid ?ow around a 

cylindrical sensing tube. 
FIG. 9 is similar to FIG. 8 with different separation 

point. ’ 

FIG. 10 is a sectional view of ?uid flow around a 
diamond shaped sensing tube. 
FIG. 11 is a sectional view of ?uid ?ow around a 

bullet shaped sensing tube. 
FIG. 12 is similar to FIG. 11. 
FIG. 13 is a sectional view of a spring lock mounting , 

system of the pitot tube. 
FIG. 14 is an exploded perspective view of the spring 

lock mounting system shown in FIG. 13. 
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FIGS. 15a, b and c are schematic views showing the 
effect of changes in heat, pressure and shape of a pipe on 
the spring lock mounting system shown in FIGS. 13 and 
14. 
FIG. 16 is a fragmentary perspective sectional view 

showing an alternative embodiment of the present in 
vention wherein a measurement device is mounted re 
motely from the instrument head. 
FIG. 17 is a fragmentary sectional perspective view 

of a second alterantive embodiment of the present in 
vention wherein the measurement device is located 
remotely from the instrument head and the instrument 
head has no valves. 
FIG. 18 is an enlarged sectional view of the instru 

ment head of the ?rst alternative embodiment shown in 
FIG. 16, block valves being shown in an open position, 
with integral tube ?ttings. ’ ' 

FIG. 19 is sectional view taken in the plane of line 
19——19 of FIG. 18. 
FIG. 20 is a sectional view taken in the plane of line 

20-20 of FIG. 18. 
FIG. 21 is a sectional view of the instrument head of 

the ?rst alternative embodiment of FIG. 16, block 
valves being shown in a closed position, with standard 
threaded connections. 
FIG. 22 is a sectional view of a non-valve instrument 

head of the second alternative embodiment of FIG. 17, 
with threated connections. 
FIG. 23 is a sectional view of the non-valve instru 

ment head of the second alternative embodiment of 
FIG. 17 with integral tube ?ttings. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

As seen in FIG. 1, an averaging pitot tube 10 for 
measuring ?uid ?ow is mounted into a pipe or conduit 
14. The pitot tube 10 includes a transition 22 intercon 
necting an instrument or manifold head 20 and a sensing 
tube or probe 24 (FIG. 2). The instrument head is di 
rectly connected to a pressure measurement device 12. 
The sensing tube 24 extends into the pipe 14 and across 
the diameter thereof (FIG. 2). 
The aerodynamic superiority of the bullet cross-sec 

tional shape of the sensing tube 24 maintains a constant 
?ow coef?cient, .the ratio of the actual ?ow to theoreti 
cally calculated ?uid ?ow. In addition to the bullet 
shape, a slight divergence angle 40 of approximately 5° 
of lateral sides 25 of the sensing tube 24 and the utiliza 
tion of leading edge surface roughness 28 (FIGS. 3 and 
4) help maintain a thin laminar boundary layer ?ow. 
Separation from the boundary layer ?ow t turbulent 
?ow occurs along the lateral sides 25 and as such the 
?ow coef?cient remains relatively constant. Upstream 
openings or ports 26 are formed along the sensing tube 
24 in the direction of ?uid ?ow 16. These upstream 
openings 26 receive the high pressure ?ow of the ?uid 
?ow 16. in a like manner, downstream openings or ports 
30 are formed vertically along a trailing edge of the 
sensing tube .24. 
The sensing tube 24 is formed by welding or other 

wise conventionally connecting the high pressure outer 
tube 32 of a generally round cross sectional con?gura 
tion to a generally u-shaped cross sectional piece of 
material 34 (FIG. 4). The two pieces welded together 
form two separate high and low pressure chambers 36 
and 38 in an aerodynamic, bullet-shaped con?guration. 
The surface roughness 28 is machined, laminated or 
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6 
otherwise mechanically formed onto the upstream edge 
of the high pressure tube 32. 
Once the round, high pressure outer tue 32 is secured 

to the u-shaped tube 34, a bottom end 42 is closed (FIG. 
2), as is a top end 52 (FIG. 5). The volume de?ned by 
the round high pressure tube 32 and th bottom end and 
top end 42 and 52 defines the high pressure chamber 36. 
In a like manner, the u-shaped piece 34, when con 
nected to the high pressure tube 32 and closed at the 
bottom end 42 and the top end 52, de?nes the low pres 
sure chamber 38. 
The transition 22 conforms to an outer surface of the 

sensing tube 24 and extends from the point where the 
sensing tube 24 enters the pipe 14 to the manifold head 
20 (FIGS. 2, 5). The transition 22 passes through a 
spring lock system 100 (FIGS. 13 and 14), to be de 
scribed later. 
A high pressure vent 44 is formed through the high 

pressure tube 32 (FIG. 5). A high pressure faring 48 is 
welded to interconnect the manifold head 20 and the 
high pressure tube 32. The volume de?ned between the 
high pressure tube 32 and the instrument head 20 re 
ceives the high pressure ?uid from the high pressure 
chamber 36 through the vent 44. In a like manner, a 
vent 46 for low pressure ?uid is formed through the low 
pressure tube 34. A faring 50 interconnects the valve 
head 20 and the low pressure tube 34 to allow low 
pressure ?uid from the low pressure chamber 38 to 
enter the volume de?ned by the faring 50 (FIGS. 5, 6 
and 7). 

It is a unique aspect of the present invention that the 
manifold head 20 is integrally connected and formed 
with the sensing tube 24 to convey high and low pres 
sure ?uid to the measurement device 12, which is di 
rectly connected to the head 20 in the preferred em 
bodiment (FIG. 1). In accomplishing this object, a high 
prssure passageway 54 and low pressure passageway 56 
are in ?uid communication wiht the volumes de?ned by 
the farings 48 and 50 respectively. High pressure ?uid is 
thus conveyed from the high pressure chamber 36, 
through the vent 44 and into the passagway 54. A high 
pressure outlet port 55 registers with a like port (not 
speci?cally shown) on the measurement device 12, thus 
supplying a high pressure reading. In like manner, the 
low pressure passageway 56 communicates low pres 
sure ?uid from the low pressure chamber 38, through 
the vent 46 and to a low pressure outlet port 57. The 
port 57 is in ?uid communication with a receivinig port 
in the measurement device 12, not speci?cally shown. 
The high pressure passageway 54 can be opened or 

closed by a high pressure valve 58. The valve 58 is 
threadably connected to an integral manifold seat 62 in 
the valve head 20. Again, in a similar manner, the low 
pressure passageway 56 can be closed by low pressure 
valve 60 which is threadably connected to the instru 
ment head 20 by an integral valve seat 64. (FIGS. 5, 6 
and 7). 
The high pressure valve 58 includes a bore 59 and a 

main body 61. Alignment of the bore 59 with the high 
pressure passageway 54 opens the high pressure side of 
the instrument head 20. Closing the valve rotates the 
bore 59 out of alignment with the high pressure passage 
way 54 and closes the high pressure side of the instru 
ment head 20. The low pressure valve 60 has an identi 
cal construction and works in an identical way. 
A third valve 66 is included to open and close an 

intermediate passageway 68 which allows communica 
tion of the high pressure ?uid with the low pressure 
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?uid (FIG. 6). The passageway 68 interconnects the 
high pressure and low pressure ports 55 and 57. The 
third valve 66 includes a bore 72 which aligns with the 
passageway 68 to allow ?uid communication between 
the high pressure and low pressure sides of the manifold 
head 20. When the bore 72 is out of alignment, a valve 
body 70 blocks communication between the high pres 
sure and low pressure sides. As was the case in the high 
pressure and low pressure valves 58 and 60, a threaded 
integral valve seat 78 is formed in the valve head 20 for 
connection of the third valve 66. When open, the third 
valve 66 equalizes pressure during pressurizing, depres 
surizing and checking zero of the measurement device 
12. 
As seen in FIGS. 6 and 7, connecting bolts 74 pass 

through the instrument head 20 and threadably connect 
to the measurement device 12 in the integral manifold 
con?guration. O-rings 76 surround the outlet ports 55 
and 57 to prevent pressure leakage between the mea 
surement device 12 and the valve head 20. 
There are four prime functions preformed by the 

valves 58, 60 and 66. First, when valves 58 and 60 are 
closed, the ?uid in the pipe 14 is isolated, and the mea 
surement device 12 can be installed or removed. Sec 
ond, when valves 58 and 60 are open and 66 is closed, 
the pitot tube 10 is in normal operating mode. Third, 
when valve 66 is open and either 58 or 60 is closed, the 
pressure from one (high or low) reaches both ports of 
the measurement device 12. In this mode, the pressure 
to the measurement device 12 is equalized (same pres 
sure on both high and low ports of the measurement 
device 12), and the measurement device 12 can be 
checked for zero shift. Fourth, during pressurization 
valve 66 is opened prior to opening either valve 58 or 
60. This insures equal pressure is applied to both sides of 
the measurement device 12, thus preventing loss of 
calibration. In a similar manner, during depressuriza 
tion, valve 66 is opened and 58 and 60 are closed to 
maintain equal pressure on both sides of the measure 
ment device 12. 
The ?rst alternative embodiment (FIGS. 16, 18, 19, 

20, 21) to the manifold head is an integral valve head 90 
which incorporates only the high pressure block valve 
58 and low pressure block valve 60. When block valves 
58 and 60 are closed, the process ?uid is isolated. When 
block valves 58 and 60 are open, the high and low pres 
sure are in ?uid communication with the measurement 
device 12. The method of attachment of the head 90 to 
the pitot tube 10 is as previously described. It is the 
unique aspect of this embodiment that the high and low 
pressure block valves are integrally con?gured in the 
instrument head. . 

The integral valve head 90 connects the pitot tube 10 
to a remote measurement device 12 or a valve manifold 
(not shown) via threaded connections (FIG. 21) or 
unique integral tube ?ttings (FIGS. 16, 18, 19, 20). The 
unique aspect of the integral tube ?tting is that, when a 
ferrule and male compression nut are integrally 
mounted in the integral valve head 90, they eliminate all 

, wetted, threaded connections between the process ?uid 
and the piping to the measurement device. This elimi 
nates leakage due to improper thread engagement, 
which potentially could cause a loss of accuracy and 
hazardous conditions. 
The integral valve head 90 with threaded connec 

tions (FIG. 21) permits the connection of various 
threaded components 95 (nipples, ?ttings, etc.) to the 
integral valve head 90. 
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8 
The second alternative embodiment to the manifold 

head is a non-valve head 96 (FIGS. 17, 22 and 23). The 
non-valve head 96 is attached the pitot tube 10 as previ 
ously described. The head 96 connects to the remote 
measurement device 12 or valve manifold (not shown) 
via threaded connections 88 as seen in FIGS. 17 and 22 
or integral tube ?ttings 92 and 94 as seen in FIG. 23. 
The function of the threaded connections and integral 
tube ?ttings are identical to those previously described. 
The mounting system 100 includes a sleeve 102 which 

is welded or otherwise mechanically connected to the 
pipe 14 (FIGS. 13 and 14). A threaded packing nut 104, 
when turned, down past lock nut 105 into the internally 
threaded sleeve 102 forces a follower 106 to compress a 
spring 108, contoured ‘washer or other elastic material. 
The opposite end of the spring 108 exerts the same force 
on a second follower 110, which compresses packing 
material 112 against a ring 114 that is welded to the 
transition 22. As the packing 112 is compressed, it ex 
pands outward against the sleeve 102 and inward 
against the transition 22, thus providing a ?uid-tight 
connection. 

Additionally, the mechanical force produced by the 
packing nut 104 as it compresses the packing 112 will 
compress the entire sensing tube 24 against the opposite 
wall of the pipe 14. (FIG. 13). Theforce exerted against 
the ring 114 welded to the transition 22 will force the 
manifold head 20, or the heads 90 and 96 of the alterna 
tive embodiment, down toward the sleeve 102. Since 
the sensing tube 24 is mechanically attached to the man 
ifold head 20, it will also be forced down until it bot 
toms on the opposite pipe wall. After the sensing tube 
24 is bottomed, further turning of the packing nut 104 
will compress the spring 108 and packing 112. As the 
temperature and pressure of the ?uid increase, the diam 
eter of the pipe 14 will increase (FIG. 15b). As the 
opposite wall of the pipe 14 moves away from the bot 
tom of the sensing tube 24, the spring 108 will expand, 
forcing the bottom of the sensing tube 24 to remain in 
contact with the opposite pipe wall. Likewise the sens 
ing tube 24 will remain in contact with the opposite pipe 
wall if thermal contraction occurs (FIG. 150) or me 
chanical distortion occurs (FIG. 150). When the sensing 
tube 24 is bottomed and the packing material 112 is 
compressed sufficiently, providing a ?uid-tight seal, the 
lock nut 105 is snugged against the sleeve 102 to prevent 
the packing nut 104 from moving or backing out. 
The advantages of the shape of present invention 

over the prior art are seen in FIGS. 8-12. FIGS. 8 and 
9 show ?uid ?ow about a cylindrical probe. The disad 
vantage of a cylindrical probe is the inability to control 
the location of the separation of boundary layer from 
the probe ?ow. As seen in FIG. 8, separation occurs 
approximately at 0° and 180° . FIG. 9, on the other 
hand, having a different Reynolds number including 
different velocities, densities and viscosities of the ?uid, 
has a different separation point at approximately 45° and 
135'’ on the circular cross section of the sensing probe. 

‘ Diamond-shaped cross-sections force separation at a 
pre-established contoured edge as seen in FIG. 10. 
However, the poor aerodynamics of a diamond shaped 
probe result in excessive vortex shedding and increased 
aerodynamic stress on the probe. This forced vortex 
shedding causes excessive aerodynamic forces to. im 
pact the diamond-shaped probe of FIG. 10. Continual 
buffeting by these forces can cause cracking and even 
breakage of the probe. 



5,036,711 
9 

In contrast, the bullet shape of the probe of the pres 
ent invention (FIGS. 11 and 12), with its slightly di 
verging lateral sides 25 and leading edge surface rough 
ness 28, maintains an aerodynamic pro?le, while mini 
mizing the effects of vortex shedding. A constant ?ow 
coef?cient is maintained because separation always 
occurs along the lateral sides 25. 
Although the present invention has been described 

with a certain degree of particularity, it is understood 
that the present disclosure has been made by way of 
example, and changes in detail or structure may be 
made without departing from the spirit of the invention, 
as de?ned in the appended claims. 
What is claimed is: 
1. In an averaging pitot tube for measuring high pres 

sure and low pressure in a ?uid ?owing in a closed 
conduit, said pitot tube including a probe insertable into 
said conduit having an upstream surface and a down 
stream surface each of which has a plurality of holes 
formed along the length thereof for measuring respec 
tively high pressure and low pressure, the improvement 
comprising: 

a cross-section of said probe including an essentially 
- rounded upstream surface and slightly angularly 

diverging lateral side surfaces interconnected by a 
rear surface, said rounded surface including a 
roughened area of pre determined size. 

2. The invention as de?ned in claim 1 further includ 
mg: 

a mounting system, which provides a ?uid-tight con 
nection and maintains the probe in’ contact with an 
opposite wall of the conduit regardless of changes 
in conduit diameter due to changes in pressure, 
temperature or mechanical force. 

3. The invention as de?ned in claim 1 wherein said 
side surfaces de?ne an angle of approximately 5° with a 
longitudinal centerline of the probe. 

4. An averaging pitot tube measuring a high pressure 
and a low pressure in a closed conduit having fluid 
?owing therealong in a predetermined direction, com 
prising in combination: 

an instrument head integrally connected to a probe, 
which probe is insertable into said conduit and 
extends across the ?uid ?ow in said conduit, said 
probe including a rounded, roughened, upstream 
surface to minimize the thickness of boundary layer 
fluid ?ow, said probe further including slightly 
diverging lateral sides, a plurality of holes formed 
along the length of the rounded surface, a down 
stream surface of said probe located in a low pres 
sure zone of the ?uid ?ow, said downstream sur 
face including similar holes formed along the 
length thereof, said probe including a high pressure 
chamber and a low pressure chamber in ?uid com 
munication with passageways formed in said head, 
said passageways in said head in ?uid communica 
tion with measurement devices connectable to said 
head. 

5. The invention as de?ned in claim 4-wherein said 
probe further includes a tube of a generally round 
shaped cross section facing the direction of ?uid ?ow 
de?ning the high pressure chamber, and a generally “u” 
shaped tube attached to the back of the round tube 
de?ning the low pressure chamber. 

6. An averaging pitot tube for connection to a ?uid 
conduit to measure an upstream high pressure and a 
downstream low pressure, comprising in combination: 
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10 
a head integrally connected to said probe, said probe 

having openings formed on a rounded, upstream 
surface, said upstream surface roughened over a 
predetermined area and having openings formed 
therethrough associated with high pressure mea 
surements and a downstream surface of said probe 
associated with a low pressure measurement, angu 
larly divergent lateral side surfaces interconnecting 
said upstream and downstream surfaces to maintain 
a constant ?ow coefficient, said openings provid 
ing ?uid communication with a high pressure 
chamber and a low pressure chamber, respectively, 
in said probe, said head providing ?uid ?ow com 
munication between said high and low pressure 
chambers by means of high and low pressure pas 
sageways which are selectively opened and closed 
by high pressure and low pressure valves, outlet 
ports of said head registering with and in ?uid 
communication with inlet ports of a measurement 
device, which is selectively connected to said head, 
whereby said measurement device is connected to 
said pitot tube for ?uid ?ow measurements. 

7. In an averaging pitot tube for measuring high pres 
sure and low pressure in a ?uid ?owing in a closed 
conduit, said pitot tube including a probe insertable into 
said conduit, an upstream surface and a downstream 
surface of said probe, each having a plurality of holes 
formed along the length thereof for measuring high 
pressure and low pressure, respectively, the improve 
ment comprising: 
'a mounting system including a tubular sleeve to re 

ceive said probe, a ring mounted on said probe, a 
spring coaxial about said probe and abutting at one 
end a follower and packing material, which pack 
ing material is mounted on said ring, a packing nut 
threadably received by said sleeve abutting a sec 
ond end of said spring through a second follower 
and a lock nut to secure the position of said mount 
ing system, whereby said mounting system pro 
vides a ?uid-tight connection and maintains the 
probe in contact with an opposite wall of the con 
duit, regardless of changes in conduit diameter due 
to changes in pressure, temperature or mechanical 
force. 

8. An averaging pitot tube for measuring a high pres 
sure and a low pressure in a closed conduit having ?uid 
?owing therealong in a predetermined direction, com 
prising in combination: 

an instrument head integrally connected to a probe, 
which probe is insertable into said conduit and 
extends across the ?uid ?ow in said conduit, said 
probe including a roughened and rounded up 
stream surface to minimize thickness of boundary 
layer ?uid ?ow, and slightly diverging lateral sides, 
said roughened and rounded surface including a 
plurality of holes formed along the length thereof, 

' said probe further including a downstream surface 
in a low pressure zone of the ?uid ?ow, said down 
stream surface including similar holes formed 
along the length thereof, said probe including a 
high pressure chamber and a low pressure chamber 
?uid communication with passageways formed in 
said head, said passageways in said head in ?uid 
communication with measurement devices selec 
tively connectable to said head. 

9. The invention as de?ned in claim 8 wherein said 
head further includes high and low pressure passage 
ways associated with each of said high pressure and low 



5,036,711 
11 

pressure chambers, said passageway selectively closed 
and opened by ?rst and secondvalves. 

10. The invention as de?ned in claim 9 further includ 

ing an intermediate passageway formed in said head, 
said intermediate passageway selectively opened and 
closed by a third valve, to thereby provide ?uid com 
munication between the high pressure passageway and 
the low pressure passageway. 

11. The invention as de?ned in claim 8 wherein said 

probe further includes a tube of generally round shaped 
cross-section facing the direction of ?uid ?ow de?ning 
the high pressure chamber and a generally U-shaped 
tube attached to the back of the round tube de?ning the 
low pressure chamber. 

12. The invention as de?ned in claim 8 wherein a vent 

is formed through said probe’ for each of said high and 
low pressure chambers, and a faring interconnecting 
said instrument head forming a volume into which high 
pressure and low pressure ?uids respectively pass 
through said vent and into said passageways, a transi 
tion sleeve ?tting around said probe, said transition 
?xedly connected to said head and said faring and ex 
tending to a wall of said conduit, 

12 
13. An averaging pitot tube for connection to a ?uid 

I conduit to measure an upstream high pressure and a 

15 

20 

downstream low pressure, comprising in combination: 
a head integrally connected to said probe, said probe 

having openings formed in an upstream surface 
thereof associated with a high pressure measure 
ment and openings formed in a downstream surface 
thereof associated with a low pressure measure 
ment, said openings providing ?uid communication 
with a high pressure chamber and a low pressure 
chamber in said probe, said head providing ?uid 
?ow communication between said high and low 
pressure chambers by means of high and low pres 
sure passageways which are selectively opened and 
closed by high pressure and low pressure valves, 
outlet ports of said head register with and are in 
?uid communications with inlet ports of a measure 
ment device selectively connected to said head, 
said probe further including a rounded upstream 
surface and angularly divergent lateral side sur 
faces and a rear surface, whereby boundary layer 
?ow occurs around said probe and separates from 
said probe along said lateral side surfaces to 
thereby maintain a constant ?ow coef?cient. 

14. The invention as de?ned in claim 13 wherein said 
_ rounded front surface of said probe is roughed over a 
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predetermined area. 
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